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EDITORIAL
Urinary tract infection: Value of early diagnosis
The value of presymptomatic diagnosis may be
judged by the criteria of Wilson and Jungner [1].
These are 1) the condition sought must be an important
health hazard; 2) a latent phase of the condition must
be recognizable by a simple, acceptable test; 3) the
natural history of the condition must be understood
and the beneficial effect of treatment upon the natural
history must have been established; and 4) the cost of
case finding and treatment should be economically
balanced against the expenditure on medical care as a
whole.
Screening procedures
Screening for urinary tract infection (UTI) became
possible as a result of the pioneering work of Kass [2].
When bacteriuria is due to infection, large numbers of
bacteria are found in the urine, usually in excess of
100,000 organisms/mI. This state is referred to as
significant bacteriuria (SB). In contrast, contaminating
organisms which are added to the urine during or after
voiding are found in small numbers provided multi-
plication of organisms in the urine after it has been
voided is prevented. Quantitative urine culture, there-
fore, allows the distinction between contamination and
infection without the need for catheterization or supra-
pubic aspiration of the bladder. Urine collection pro-
cedures and methods of transporting the urine, as well
as the various bacteriological and chemical methods
for detecting SB, have been reviewed extensively [3, 4]
and will not be reiterated. Suffice it to say that the best
available semiquantitative method of screening for SB
is the "dip-slide" technique [5]. This technique is
acceptable to public health authorities, bacteriologists
and the population alike.
Prevalence of SB
In neonates and children below school age, there are
no reliable data on the prevalence of SB because of the
difficulties in obtaining uncontaminated urine samples.
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The only means of obtaining accurate data would be to
collect the urine by suprapubic aspiration of the
bladder, but this technique is not acceptable as a
routine screening procedure.
Among 16,000 school entrants, Kunin et al [6, 7]
observed significant bacteriuria in 1.2% of the girls and
0.03% of the boys. Studies in the United Kingdom [8,
9] have confirmed this. Follow-up of bacteriuric
schoolgirls over a period of seven years revealed that
the prevalence of bacteriuria among schoolgirls rises
steadily with age with an annual acquisition rate of
0.32% [101. This is an important observation since it
establishes that if bacteriuria screening among school-
children is of preventive value, it must be carried out
repeatedly rather than be confined to school entrants.
This would add considerably to its cost and staff re-
quirements.
The prevalence of bacteriuria in adults has been
studied among defined populations in South Wales,
Jamaica and Japan [11, 12]. About 4% of females
between the ages of 16 and 65 yr show significant
bacteriuria as compared with 0.5% of males. Spontane-
ous remissions and new infections occur at the rate of
about 1% of the total female population per annum;
consequently, at any given time the prevalence remains
at about 4%. The incidence of bacteriuria, therefore,
far exceeds the prevalence. The prevalence of bacteri-
uria rises with age and parity but age is the more im-
portant factor; it seems to be less dependent on race
and has not, so far, been shown to have a particular
geographical distribution [13]. In pregnant women,
bacteriuria does not appear to be more common than
in the nonpregnant population but bacteriuria in preg-
nancy rarely remits spontaneously, whereas in the non-
pregnant adult, as well as in schoolgirls, spontaneous
cure is a frequent occurrence [14, 15].
Clinical aspects of SB
SB is an abnormal laboratory finding. Evaluation of
its clinical significance requires description of the
clinical, laboratory and radiological findings in bac-
teriuric and matched control populations, together
with a study of their subsequent fate. Bacteriuric
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populations differ in respect to their past medical
history and blood pressure from non-infected control
populations. Documentation of the clinical histories
obtained from bacteriuric subjects has been somewhat
neglected, since field studies of the prevalence of
bacteriuria do not lend themselves to good history-
taking. Kunin, Zacha and Paquin [7] noted that a
previous history of UTI can be obtained from 27.9%
of bacteriuric schoolchildren as compared with 9.7%
of noninfected controls. Among adult bacteriuric
women, 91% give a past history of UT! as compared
with 62.5% of the matched controls [16]. Tn 70% of the
bacteriuric subjects, symptoms occur during the year
immediately preceding the detection of bacteriuria,
whereas such a recent history of urinary infection is
obtained from only 17% of controls [16]. These ob-
servations cast doubt on the use of the term "asympto-
matic bacteriuria" and some authors favor the term
"covert bacteriuria" [8]. More importantly, these
findings show that in adults, and even among school
entrants, screening for significant bacteriuria often
fails to detect urinary infection at an early stage.
Measurement of blood pressure in adult bacteriuric
and matched control populations reveals that bacteri-
uric women have a somewhat higher blood pressure
than do the controls [11, 12, 16, 17]. In pregnancy, an
association between toxemia and bacteriuria has been
demonstrated by some workers [18—20] but denied by
others [21—231. The mechanism of the associatioii
between hypertension and urinary infection is obscure.
Shapiro [24] suggested that hypertension sensitizes the
kidney to infection. Eradication of bacteriuria does
not lower blood pressure. This would suggest that the
renal damage so frequently seen in bacteriuric subjects
(see following), rather than the bacteriuria itself, is re-
sponsible for the elevation of blood pressure.
It has been recognized for some years that patients
with acute pyelonephritis fail to concentrate their urine
maximally [25] and that subjects with so-called chronic
pyelonephritis may show a disproportionate decrease
in concentrating power as compared with glomerular
filtration rate [26]. Kaitz [27] demonstrated that in 9 of
20 pregnant women with asymptomatic bacteriuria,
the urine could not be concentrated to more than
700 mOsmjkg. Norden and Tuttle [28] showed that
this defect of renal concentrating power could be re-
versed almost completely by eradicating the bacteri-
uria.
Blood urea concentrations are marginally higher in
bacteriuric women than among matched controls [16,
20]. None of the bacteriuric women were found to have
blood urea concentrations in excess of 55 mg/lOO ml.
This seems surprising if bacteriuria in the adult is, in
fact, an important cause of progressive kidney failure.
Our own unpublished data on kidney function in
children with SB show that blood urea and serum
creatinine concentrations are also within the normal
range.
The radiological findings in schoolgirls and adults
with bacteriuria have been well documented. In a series
of 89 white schoolgirls, Kunin and Paquin [29] found
abnormalities on excretory urograms in 22°/s. Micturat-
ing cystograms revealed abnormalities in 43%, includ-
ing vesico-ureteric reflux in 23%. Recent studies in the
United Kingdom have confirmed these findings [8]
(McLachlan MSF, et al, unpublished data). Kincaid-
Smith and Bullen [20] performed excretory urograms
six weeks after delivery in 148 women found to have
bacteriuria during pregnancy. Abnormalities were de-
monstrated in 51%, and acquired abnormalities (scars,
stones, caliectasis, papillary necrosis and differences in
kidney size) were found in 45% of this series. Similar
studies carried out by Whalley, Martin and Peters [30],
Gower eta! [31], and Leigh, GrUneberg and Brumfitt
[32] have yielded a somewhat lower prevalence of
acquired renal disease. Although none of the fore-
going studies was controlled, it seems likely that signi-
ficant bacteriuria delineates a population with a high
prevalence of structural abnormalities of the urinary
tract. This has been confirmed in a controlled study in
which the prevalence of acquired renal abnormalities
demonstrated by excretory urography was l8/ in
adult nonpregnant bacteriuric women as compared
with 6% among matched noninfected controls [16].
Natural history of SB
Assessment of the value of screening for SB must be
based on a thorough understanding of its natural
history and its response to treatment. At present our
knowledge is incomplete. Existing studies have made
the unjustifiable assumption that SB defines an homo-
genous population. Moreover, the majority of studies
of the natural history of SB have been concerned with
the fate of pregnant women with bacteriuria who repre-
sent but a small part of the whole problem and, lastly,
those studies in which the fate of subjects with untreated
bacteriuria have been followed for prolonged periods
have concerned relatively small populations and their
follow-up has been of short duration. Despite these
difficulties, certain important facts have emerged. In
pregnant women it has been shown that SB predisposes
to the development of acute pyelonephritis [33]. Some
20% of pregnant bacteriuric women develop this com-
plication and the risk can be largely avoided if the
bacteriuria is eradicated or suppressed by suitable
treatment [33]. The prevention of maternal acute pye-
lonephritis is one of the strongest arguments in favor
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of bacteriuria screening in pregnancy. Whereas the de-
velopment of acute pyelonephritis in pregnant bac-
teriuric women is beyond question, claims [33] that
pregnant bacteriuric women run a higher than ex-
pected risk of pre-eclamptic toxemia, premature birth
and fetal loss are more controversial. Even less certain
is the suggestion that eradication of the bacteriuria can
reduce all these risks.
The natural history of significant bacteriuria in non-
pregnant women differs in two important respects from
that of pregnant women. First, there is a high spon-
taneous cure rate. Nearly 4Ø0/ of untreated bacteriuric
women lose their bacteriuria over a period of one
year [14]. The second difference is that in the non-
pregnant woman acute pyelonephritis develops much
less frequently than in the pregnant woman with
bacteriuria. In a one-year follow-up of 92 nonpregnant
bacteriuric women, only 2 developed loin pain with
fever, whereas symptoms of lower UTI (frequency and
dysuria) developed in 30 subjects. What is more, the
development of symptomatic infection was not pre-
vented by a short course of treatment. In fact, such
treatment encouraged the development of symptoms,
since the re-infections (i.e., infections with different
organisms from those originally isolated) which fol-
lowed initially successful treatment were more com-
monly associated with the development of symptoms
than the persistent infections among untreated bac-
teriuric controls [14]. Similar experiences have been
reported following treatment of schoolgirls with SB
[34]. These findings would suggest that tolerance to the
infecting strain of Escherichia coli exists in subjects
with covert bacteriuria and that treatment may disturb
this symbiosis.
The long-term effects of SB in women are still largely
unknown. Freedman [36] followed up 250 women with
UTI for up to 12 yr. One-half these patients had been
followed for five or more years. No evidence of de-
terioration of kidney function or elevation of blood
pressure has so far been observed. Our own experience
[36], which concerns 107 women with bacteriuria and
88 matched controls, extends over three to five years.
It has yielded no evidence to suggest that untreated SB
in the adult produces progressive kidney damage, pro-
vided the bacteriuria is not associated with raised
blood pressure or obstructive uropathy.
The sequelae of bacteriuria in childhood may be
more serious. Smellie and Normand [37] showed that
impairment of kidney growth and kidney scarring occur
in those children in whom symptomatic infection is
associated with vesico-ureteric reflux. This finding is
not necessarily applicable to children with covert
bacteriuria even though infection in them is accom-
panied by vesico-ureteric reflux in 23% of cases [29].
There is now evidence to suggest that the urinary
pathogens in children with covert bacteriuria differ
from those in children with symptomatic infection. In
children with covert bacteriuria, the frequency of the
common urinary 0-serotypes of E. coli (0k, 02, 04, 06,
07, 0 and 075) is similar to that in the stools of healthy
children, whereas in children with symptomatic infec-
tion these common strains are found twice as often in
the urine as in the stools of the healthy children drawn
from the same population [38]. Also, urinary strains of
E. coli from children with covert bacteriuria are more
sensitive to the cidal effect of serum than those ob-
tained from children with symptomatic infection [38].
These findings may indicate differences in host-parasite
relationships in covert as compared with overt infec-
tions and such differences may well influence the long-
term natural history of these infections. Studies of the
natural history of covert infections of the urinary tract
in childhood are now in progress in a number of
centers in the United Kingdom. Although it is too
early to draw conclusions from them, two significant
facts have emerged. First, in 36% of bacteriuric school-
girls aged 4 to 11 yr, bacteriuria clears spontaneously
during the first year of follow-up [15]. Second, per-
sistence of bacteriuria is more common in children
with vesico-ureteric reflux [39]. It has yet to be settled
whether children with such persistent bacteriuria and
vesico-ureteric reflux show a reduction of kidney
growth or develop kidney scarring since repeat radio-
graphs in our untreated children with bacteriuria have
not been performed as yet. It is important that studies
such as ours are allowed to proceed. Unfounded
claims to the effect that treatment of SB in children is
beneficial could force health authorities into the intro-
duction of screening programs before their value is
proven. In our study in the cities of Cardiff and
Oxford, no benefit from treating SB in schoolgirls has
so far been observed.
Studies of the natural history of untreated UTI
should also attempt to identify high risk groups, such
as girls with infection associated 'with vesico-ureteric
reflux or girls in whom infection involves the renal
parenchyma. Renal parenchymal infection can now be
detected by non-invasive means. Thomas, Shelokov
and Forland [40] have shown that organisms which de-
rive from the kidney are coated with antibody whereas
those which are confined to the bladder are not. Anti-
body coating of urinary pathogens can readily be
identified with the use of fluorescent-labelled anti-IgG.
Jones, Smith and Sanford [41] confirmed the value of
this procedure, and it will now be possible to separate
the natural history of covert bacteriuria with renal in-
volvement from that of subjects in whom the infection
is confined to the bladder.
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The role of vesico-ureteric reflux in the pathogenesis
of kidney scarring has recently been clarified. In a
group of 175 infants presenting with UTI, Rolleston
[42] showed that gross reflux may lead to progressive
kidney damage even in the absence of continuing in-
fection. Hodson [43] showed that in young pigs with
vesico-ureteric reflux produced by ureterotomy and
urethral narrowing, focal kidney scars developed in the
absence of infection; these scars were situated in areas
of the kidney in which intrarenal refiux due to pyelo-
tubular back flow had previously been shown on
micturating cystography. In a retrospective study,
Rolleston, Maling and Hodson [44] have recently
shown that kidney scars in children occur particularly
in areas of the kidney in which intrarenal reflux is de-
monstrable. It was also shown that such intrarenal re-
flux was confined to children below the age of 4 yr.
Morgan and Asscher (unpublished data) showed that
in the rat, vesico-ureteric reflux, produced by squeezing
the urinary bladder (filled with normal saline) while
the external urethral orifice is occluded, regularly pro-
duces slightly depressed and/or discolored areas in the
perihilar region of the kidneys. Kidneys bearing such
lesions were found to be sterile on culture and the
lesions persisted throughout a two-month observation
period. These lesions, though similar in location and
microscopic appearance to scars produced by refluxing
E. coil from the bladder to the kidney [45], were
smaller and much less-depressed than the scars pro-
duced by reflux and infection. It was concluded that
reflux alone produces a "locum resistantiae minor"
where organisms settle and produce the markedly de-
pressed infected scars. The method whereby intrarenal
reflux produces kidney damage is obscure. Leakage of
urine into the renal interstitium and/or release of
tubular lysosomal enzymes are just two of the possi-
bilities which are being examined in the experimental
model.
It follows from these observations that vesico-
ureteric reflux is an important determinant of the kid-
ney damage associated with infection. At present, the
best guide to the detection of vesico-ureteric reflux is
the discovery of SB because persistent bacteriuria and
vesico-ureteric reflux are associated (see foregoing). It
would be preferable, if a noninvasive method of screen-
ing healthy populations for vesico-ureteric reflux were
available since screening for SB will miss a proportion
of subjects with vesico-ureteric reflux.
Rationale of screening for bacteriuria
There is no doubt that UTI is an important public
health problem. In general practice, 12 per 1000 con-
sultations are the result of symptoms which suggest
UTI. Mortality statistics reveal an increase in deaths
from infections of the kidney which may not be entirely
due to a change in diagnostic habit and acuity [46].
The diagnosis of UTI in a latent phase of the disease
is now possible, by methods acceptable to the popula-
tion, at reasonable cost. Brumfitt and Reeves [47] esti-
mated that the cost of screening for bacteriuria
amounted to less than 2Sp a subject. Facilities for
screening would be relatively simple to provide in ante-
natal clinics, but if bacteriuria screening were to be
extended to schoolgirls and nonpregnant women, the
provision of facilities and staff would involve con-
siderable expenditure.
The value of screening for significant bacteriuria in
pregnancy is well established, since treatment of the
bacteriuria largely prevents maternal pyelonephritis.
This conclusion does not apply to the vast majority of
bacteriuric women, i.e., those who are not pregnant.
Treatment of bacteriuria by means suitable for large-
scale use confers no lasting benefit on them. Screening
of nonpregnant women could be justified only if long-
term prospective studies show that bacteriuria produces
progressive kidney damage leading to kidney failure
which can be prevented by treatment. So far, the results
of studies do not show such a trend.
Finally, it is important that the controlled treatment
trials of covert bacteriuria in childhood which are now
in progress are completed and that medical opinion on
the value of screening for UTI in schoolgirls is not
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